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Materials and methods
Random search theory (S1) predicts that harvest (H) should be an exponential function of resource density (N) and effort (E), so long as the quota (Q) is not exceeded. Assuming that density-dependent recruitment precedes harvest in any given year, typical of many harvested fish and wildlife populations, then harvest in year t is calculated as follows: where a = maximum rate of increase of the resource, K = carrying capacity of the resource, q = the proportion of the resource population removed by one unit of effort.
Each year that there is some degree of environmental stochasticity of magnitude ε t , drawn from a normal distribution with standard deviation σ (S2). Resources, effort, and quotas in year t+1 are calculated in the following manner:
where c = constant for the exponential rate of change in effort, w = effect of one unit increase in resource density on the exponential rate of change in effort, and u = effect of one unit increase in effort on the exponential rate of change in effort. In similar fashion, f = constant for the exponential rate of increase in quotas, i = effect of one unit increase in resource density on the exponential rate of change in quotas, and j = effect of one unit increase in quotas on the exponential rate of change in quotas.
To simplify the local stability analysis, we re-scaled the dynamic effort and quota model (eq. 1-4), resulting in a new set of aggregate parameters: (b = wK, d = uwK/q, g = iK, and h = jK) and a set of dimensionless variables (X = N/K, Y = qE/wK, W = H/K, and Z = Q/K). The dimensionless model has the following structure (disregarding environmental stochasticity):
The structure of these equations is such that either effort or quotas regulate resource density at equilibrium, but not both state variables. We first find the equilibrium resource density for each state variable in isolation. By identifying which of these potential equilibria occurs at the highest resource density, we can identify which process is regulating:
Other equilibria are calculated as follows:
For all models of this form, stability properties depend on the magnitude of the elements of the community interaction matrix (α ij ), evaluated at equilibria for the system (X eq and either Y eq or Z eq )(S3-S7). For notational convenience we use the subscript 1 to refer to resources, 2 to refer to effort, and 3 to refer to quotas. Expressions for the community matrix coefficients are calculated in the following manner. If resources are regulated by effort, then community matrix coefficients are calculated as follows:
If resources are regulated at equilibrium by quotas, then community matrix coefficients are calculated as follows:
The system will be locally stable, provided that the absolute values of the eigenvalues (λ) of the community matrix are less than 1. These coefficients are also used to estimate whether equilibria represent stable foci, stable nodes, or saddle points and to estimate the period for damped oscillations. If resources are regulated at equilibrium by effort, then eigenvalues are calculated as follows (S4) 
If resources are regulated at equilibrium by quotas, then eigenvalues are calculated as follows (S4) 
If resources are regulated by quotas at equilibrium, then the real and imaginary parts of the complex conjugate pairs are calculated in the following manner (S4): All correlation coefficients that exceed the horizontal bars are statistically significant (Bartlett's Test, P < 0.05). 
